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(57) ABSTRACT 

An image reading apparatus includes a visible light source; an 
infrared light source; at least three one-dimensional photo 
electric conversion elements extending in a main scanning 
direction and having respective different spectral sensitivity 
characteristics; an imaging optical system con?gured to form 
an image of image information of an original placed on an 
original holder and irradiated by the visible light source and 
the infrared light source on the one-dimensional photoelectric 
conversion elements; a driving unit con?gured to change 
relative optical positions of the imaging optical system and 
the original in a sub-scanning direction; and a control unit 
con?gured to obtain visible-light image information and 
infrared-light image information of the original by control 
ling tuming-on operations of the visible light source and the 
infrared light source at every reading in the main scanning 
direction and by performing relative movement of the image 
optical system and the original in the sub-scanning direction. 

12 Claims, 8 Drawing Sheets 
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IMAGE READING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image reading appara 

tus, and in particular, to an image reading apparatus capable 
of obtaining both visible-light image information and infra 
red-light image information of an original. The image reading 
apparatus can be applied to, for example, an image scanner, a 
digital copying machine, or a facsimile machine. 

2. Description of the Related Art 
An image reading apparatus converts image information of 

a transmissive-type original (transmission original) into an 
electric signal to be loaded into a computer. Various proposals 
have been made on an image reading apparatus Which obtains 
information on foreign matters and ?aWs on an original using 
infrared light and corrects the corresponding portion of vis 
ible-light image information on the original. 

In US. Patent Application Publication No. US 2003/ 
0132384 A1 and US. Pat. No. 6,493,061, an existent mono 
lithic three-line sensor (a three-line CCD), an infrared light 
source, a visible light source, an imaging optical system, a 
focus adjustment unit, and a reading unit are used to obtain 
visible-light image information and infrared-light image 
information by performing sub-scan (reading in the sub-scan 
ning direction) tWo times. Hereinafter, this scanning method 
is referred to as a “tWo-times sub-scanning method”. 

In addition, an image reading apparatus in Which LED 
(light-emitting diode) light sources are sWitched sequentially 
at each main scan (a reading in the main scanning direction) 
and visible-light image information and infrared-light image 
information are obtained by conducting a sub-scan once is 
proposed. Hereinafter, this scanning method using LED light 
sources is referred to as a “one-time scanning method by 
sequentially sWitching LED”. 

According to the above image reading apparatus, both 
visible-light image information and infrared-light image 
information can be obtained in one sub-scanning by using an 
existent one-line sensor (one-line CCD), four light sources 
that emit light of four different Wavelengths corresponding to 
red (R), green (G), blue (B), and infrared (IR), and an imaging 
optical system. The one-time scanning method by sequen 
tially sWitching LED is advantageous over the tWo-times 
sub-scanning method in that the read time, component preci 
sion, and adjustment accuracy can be improved. 

Furthermore, an image forming apparatus Which obtains 
both visible-light image information and infrared-light image 
information of an original in one sub-scanning by a method of 
reading the image information by light of Wavelengths corre 
sponding to R, G, B, and IR simultaneously, using a speci?c, 
monolithic four-line sensor (four-line CCD), is discussed 
(refer to US. Pat. No. 6,590,679). Hereinafter, this scanning 
method using a speci?c four-line CCD Will be referred to as a 
“one-time sub-scanning method using a speci?c CCD”. 

FIG. 7 is a schematic diagram of essential portions of an 
image forming apparatus employing the one-time sub-scan 
ning method using a speci?c CCD discussed in US. Pat. No. 
6,590,679. According to US. Pat. No. 6,590,679, image 
information by light of Wavelengths corresponding to R, G, B, 
and IR can be received simultaneously using a speci?c four 
line CCD. Moreover, ?lter lines 608, 610, and 612 placed in 
the vicinity of a four-line CCD block infrared light from 
reaching R, G, and B sensor lines 602, 604, and 606, and 
block visible light from reaching an IR sensor line 614. At the 
same time, the chromatic aberration by infrared light is cor 
rected by employing a ?lter With a speci?c con?guration, and 
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2 
image information by light of Wavelengths corresponding to 
R, G, B, and IR together is formed on the surface of the 
four-line CCD. As a result, both visible-light image informa 
tion and infrared-light image information can be obtained in 
one sub-scan. Thus, the one-time sub-scanning method using 
a speci?c CCD is advantageous over the tWo-times sub-scan 
ning method in that the read time, component precision, and 
adjustment accuracy can be improved. 

In addition, by employing a lighting system Which has a 
simple con?guration of only continuously turning on a light 
source Which emits visual light and infrared light, the lighting 
system can be manufactured more easily (at a loWer cost) 
compared to the one-time sub-scanning method by sequen 
tially sWitching LED. Furthermore, US. Pat. No. 6,590,679 
discloses an embodiment in Which a light bulb is used. A 
representative example of a light bulb that is used in an image 
reading apparatus is a halogen lamp. The halogen lamp emits 
large amounts of both infrared light and visible light, and can 
be easily manufactured (the cost is comparatively loW). 
Moreover, the reference has many advantages such as con 
ducting chromatic aberration correction by a ?lter line in the 
vicinity of a sensor so that an image reading optical system 
can be easily designed. 

In FIG. 7, a light ?ux 634 comes from an original (not 
shoWn). The light ?ux 634 includes visible light 636 and 
infrared light 638. A second prism 640 transmits the visible 
light 636 and re?ects the infrared light 638. A ?rst prism 630 
transmits the visible light 636. The infrared light 638 is 
re?ected by a re?ection surface 642 of the second prism 640. 

In US. Patent Application Publication No. US 2003/ 
0132384 A1 and US. Pat. No. 6,493,061 that employ the 
two-times sub-scanning method, since there is a backlash of 
the driving device Which drives the carriage in the sub-scan 
ning direction and deterioration over time occurs due to the 
thermal expansion of the Whole system, it is necessary to 
restore the initial state of the optical system and perform an 
accurate positioning after the ?rst sub-scan is ?nished. There 
fore, the con?guration becomes complex in order to improve 
the read time, component precision, and adjustment accuracy. 
Furthermore, by using a chromatic aberration correction unit 
(focus position adjustment unit), the structure becomes com 
plicated (increasing the cost), and the entire apparatus 
becomes larger. 

For an image reading apparatus using the one-time sub 
scanning method by sequentially sWitching LED to read 
image information by light of Wavelengths corresponding to 
R, G, and B, it is necessary to conduct reading in the main 
scanning direction by sequential sWitching. Therefore, a 
period of time required for reading visible-light image infor 
mation becomes longer than that in the tWo-times sub-scan 
ning method in Which image information by light correspond 
ing to Wavelengths of R, G, and B is read simultaneously. In 
addition, the luminous e?iciency of a LED light source is 
loWer than that of other light sources such as a ?uorescent 
tube. Therefore, in an image reading apparatus Which reads a 
plurality of lines of ?lm simultaneously, the lighting range 
becomes Wide and the luminance becomes insu?icient. 
Therefore, it becomes necessary to increase the number of 
LEDs to be installed. HoWever, LEDs, in particular, blue 
LEDs, are di?icult to manufacture (and therefore costly). 
Thus, using a large number of LEDs greatly increases pro 
duction cost. 

Moreover, for example, Japanese Patent Application Laid 
Open No. 10-325921 discusses an imaging optical system in 
Which the chromatic aberration is corrected by optimiZing 
glass material, to form both image information by light of 
Wavelengths corresponding to R, G, and B and infrared-light 
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image information on the surface of a one-line CCD. HoW 
ever, the design of an imaging optical system capable of 
reading a plurality of lines of ?lm simultaneously is dif?cult, 
and the number of lens elements greatly increases. 

Therefore, an image reading apparatus employing the one 
time sub-scanning method by sequentially sWitching LED is 
adequate to be applied to a ?lm scanner for 35 mm ?lm, 
because an image reading optical system and a light source do 
not become a heavy load. However, the manufacturing is 
dif?cult and the con?guration becomes complex for applying 
to an apparatus Which reads a Wider Width. In addition, in the 
above image reading apparatus, the number of times of sub 
scan to obtain visible-light image information and infrared 
light image information of an original is one. HoWever, since 
image information by light of Wavelengths corresponding to 
R, G, and B cannot be read simultaneously, the entire read 
time can not be considered short. 

The manufacturing of a speci?c four-line CCD and ?lter 
lines discussed in US. Pat. No. 6,590,679 Which employs the 
one-time sub scanning method using a speci?c CCD has the 
folloWing problems. First, as for the ?lter lines, it is dif?cult 
to completely block visible light and infrared light, and there 
Will be some leaking light. On the other hand, image reading 
apparatuses in recent years have a high gradation speci?ca 
tion of approximately 8 bits, and even if it is considered that 
a noise component of 1 bit is alloWable in general, the rate of 
leaking light is required to be less than or equal to 1/2(8'l) 
:0.8%. HoWever, a ?lter line Which meets this requirement is 
not easy to manufacture. For example, a speci?c dielectric 
multilayer structure as discussed in US. Pat. No. 6,462,866 
may be incorporated in the ?lter line. Nevertheless, the manu 
facturing is still dif?cult. 

In the case Where the chromatic aberration correction is 
conducted by a ?lter line, considering that the amount of color 
deviation Within a glass medium is generally 0.7 to 1.0 mm, 
the R, G, B sensor lines and the infrared sensor line need to be 
placed apart by that distance. Since the effective Width of a 
conventional three-line sensor composed of R, G, and B sen 
sors is approximately 0.5 mm, the device area greatly 
increases. Since the production yield of a device in a semi 
conductor process depends greatly on the area of the device, 
it can be foreseen that the cost Will also increase greatly. 
Furthermore, there are also many issues by Which a decrease 
in the yield can be expected, such as positioning the edge of 
the dielectric multilayer structure at an angle Within a space of 
0.7 to 1.0 mm, and aligning accurately With the CCD surface. 

Moreover, an image reading apparatus employing the one 
time sub-scanning method using a speci?c CCD can obtain 
visible-light image information and infrared-light image 
information of an original in one sub-scan, use a conventional 
reading optical system, and use a simple (loW-cost) light 
source such as a halogen lamp. HoWever, the manufacturing 
of a speci?c CCD and ?lter lines associated thereWith 
becomes dif?cult. 

SUMMARY OF THE INVENTION 

The present invention is directed to an image reading appa 
ratus con?gured to be capable of obtaining both visible-light 
image information and infrared-light image information of an 
original in one sub-scan at high speed and With a simple 
con?guration. 

In a ?rst exemplary embodiment of the present invention, 
an image reading apparatus includes a visible light source 
con?gured to emit visible light, an infrared light source con 
?gured to emit infrared light, at least three one-dimensional 
photoelectric conversion elements extending along a main 
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4 
scanning direction and having respective different spectral 
sensitivity characteristics, an imaging optical system con?g 
ured to form an image of image information of an original 
placed on an original holder and irradiated by the visible light 
source and the infrared light source on the at least three 
one-dimensional photoelectric conversion elements, a driv 
ing unit con?gured to change relative positions of the imaging 
optical system and the original in a sub-scanning direction, 
and a control unit con?gured to perform an operation of 
obtaining visible-light image information of the original 
While turning on the visible light source With the infrared light 
source turned off and an operation of obtaining infrared-light 
image information of the original While turning on the infra 
red light source With the visible light source turned off, at 
every reading in the main scanning direction. 

In a second exemplary embodiment of the present inven 
tion, an image reading apparatus includes a visible light 
source con?gured to emit visible light, an infrared light 
source con?gured to emit infrared light, at least three one 
dimensional photoelectric conversion elements extending 
along a main scanning direction and having respective differ 
ent spectral sensitivity characteristics, an imaging optical 
system con?gured to form an image of image information of 
an original placed on an original holder and irradiated by the 
visible light source and the infrared light source on the at least 
three one-dimensional photoelectric conversion elements, a 
driving unit con?gured to change relative positions of the 
imaging optical system and the original in a sub-scanning 
direction, and a control unit con?gured to perform an opera 
tion of obtaining visible-light image information of the origi 
nal While turning off the infrared light source With the visible 
light source turned on and an operation of obtaining visible 
light image information and infrared-light image information 
of the original While turning on the infrared light source With 
the visible light source turned on, at every reading in the main 
scanning direction. 

In yet a third exemplary embodiment of the present inven 
tion, an image reading apparatus includes a visible light 
source con?gured to emit visible light, an infrared light 
source con?gured to emit infrared light, at least three one 
dimensional photoelectric conversion elements extending 
along a main scanning direction and having respective differ 
ent spectral sensitivity characteristics, an imaging optical 
system con?gured to form an image of image information of 
an original placed on an original holder and irradiated by the 
visible light source and the infrared light source on the at least 
three one-dimensional photoelectric conversion elements, a 
driving unit con?gured to change relative positions of the 
imaging optical system and the original in a sub-scanning 
direction, and a control unit con?gured to perform an opera 
tion of obtaining infrared-light image information of the 
original While turning off the visible light source With the 
infrared light source turned on and an operation of obtaining 
visible-light image information and infrared-light image 
information of the original While turning on the visible light 
source With the infrared light source turned on, at every read 
ing in the main scanning direction. 

Accordingly, With regard to the present invention, both 
visible-light image information and infrared-light image 
information of an original can be obtained at high speed by 
using a one-time sub-scanning method Which is different 
from the one-time sub-scanning method by sequentially 
sWitching LED or the one-time sub-scanning method using a 
speci?c CCD. In addition, an image reading apparatus Which 
has high accuracy and su?icient high-speed performance can 
be achieved using a line CCD, a light source, and an imaging 
optical system that are easy to manufacture. 
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Further aspects and features of the present invention will 
become apparent from the following detailed description of 
exemplary embodiments with reference to the attached draw 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the speci?cation, illustrate embodi 
ments of the invention and, together with the description, 
serve to explain the principles of the invention. 

FIG. 1 is a schematic diagram of exemplary portions of an 
image reading apparatus according to a ?rst embodiment of 
the present invention. 

FIG. 2 is a ?owchart showing an exemplary operation of 
the image reading apparatus according to the ?rst embodi 
ment of the present invention. 

FIG. 3 is a schematic diagram of exemplary portions of an 
image reading apparatus according to a second embodiment 
of the present invention. 

FIG. 4 is a ?owchart showing an exemplary operation of 
the image reading apparatus according to the second embodi 
ment of the present invention. 

FIG. 5 is a schematic diagram of exemplary portions of an 
image reading apparatus according to a third embodiment of 
the present invention. 

FIG. 6 is a ?owchart showing an exemplary operation of 
the image reading apparatus according to the third embodi 
ment of the present invention. 

FIG. 7 is a schematic diagram of exemplary portions of a 
conventional image reading apparatus. 

FIG. 8 is a schematic diagram of an exemplary imaging 
optical system according to the second embodiment of the 
present invention. 

FIG. 9 illustrates a table showing a comparison between 
the features of an image reading apparatus according an 
embodiment of the present invention and of conventional 
image reading apparatuses. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Numerous exemplary embodiments, features and aspects 
of the present invention will now be herein described in detail 
below with reference to the drawings. 

First Exemplary Embodiment 

FIG. 1 is a schematic diagram of exemplary portions of an 
integrated-carriage-type image reading apparatus (a ?atbed 
scanner) according to a ?rst embodiment of the present inven 
tion. A visible light source 101 includes a ?uorescent tube 
containing xenon gas and emits visible light of wavelengths 
of at least 480 nm to 630 nm. An infrared light source 102 
includes an infrared LED array and emits infrared light of 
which the peak wavelength is between 800 nm to 950 nm. A 
transmission original (?lm) 103 is placed on an original 
holder glass 104. 
A carriage 109 ?xedly holds a plurality of re?ex mirrors 

106, an imaging optical system (lens) 107, and a read unit 
108, to be described later. The carriage 109 is driven in the 
sub-scanning direction as in FIG. 1 by a driving device 105 
such as a motor, to obtain (read) visible-light image informa 
tion and infrared-light image information of the original 103 
in accordance with processes described in the ?owchart 
shown in FIG. 2. The read visible-light image information 
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6 
and infrared-light image information is transmitted to an 
external apparatus, such as a personal computer, via an inter 
face. 

Still referring to FIG. 1, the plurality of re?ex mirrors 106 
bends the optical path of a light ?ux from the original 103 
inside the carriage 109. The imaging optical system 107 
includes one or more lens elements and forms image infor 
mation of the original 103, placed on the original holder glass 
104, irradiated by the visible light source 101 and the infrared 
light source 102 on the read unit 108. 
An off-axial re?ecting optical system may be used as the 

imaging optical system 107 in the present embodiment. An 
off-axial re?ecting optical system is an optical element which 
forms a light ?ux into an image by the action of a free-shaped 
re?ection surface, and does not generate chromatic aberra 
tion. The re?ective surface material may be metal or plastic, 
thus having a high degree of freedom. Therefore, the off-axial 
re?ecting optical system canbe easily fabricated (at low cost). 
The read unit 108 has at least three different spectral sen 

sitivity characteristics and includes a plurality of one-dimen 
sional photoelectric conversion elements (hereinafter 
referred to as a “three-line CCD (Charge Coupled Device)”) 
extending along the main scanning direction. The driving 
device 105 moves the carriage 109 (the imaging optical sys 
tem 107) and the original 103 relative to each other in the 
sub-scan direction. Consequently, the relative optical posi 
tions of the imaging optical system 107 and the original 103 
are changed in the sub-scanning direction. 

In the present embodiment, visible-light image informa 
tion and infrared-light image information of the original 103 
are sequentially obtained at high speed from the three-line 
CCD 108 by switching the turning-on operation of the visible 
light source 101 and the infrared light source 102 at every 
reading (one main scan) in the main scanning direction in 
accordance with a control signal sent from a control unit 110, 
and by changing the relative positions of the carriage 109 (the 
imaging optical system 107) and the original 103 in the sub 
scanning direction once. The obtained visible-light image 
information and infrared-light image information are used to 
correct defects in image information read by visible light on 
the basis of area information of foreign matters or ?aws on the 
original read by infrared light. 

FIG. 2 is a ?owchart illustrating an exemplary operation of 
the image reading apparatus according to the ?rst embodi 
ment. First, the reading operation on the original 103 is started 
(step S1). Next, a check is made to determine whether the 
reading operation in the sub-scanning direction reaches the 
end reading position (step S2). If not, the control unit 110 
performs control so that the steps of turning on the visible 
light source 101 (step S3), obtaining (reading) visible-light 
image information (step S4), turning off the visible light 
source 101 (step S5), turning on the infrared light source 102 
(step S6), obtaining (reading) infrared-light image informa 
tion (step S7), turning off the infrared light source 102 (step 
S8), and changing the relative positions of the imaging optical 
system 107 and the original 103 by one step in the sub 
scanning direction (step S9) are repeated until the reading 
operation in the sub-scanning direction reaches the end read 
ing position (“Yes” in step S2) and the reading ends. Accord 
ingly, both visible-light image information and infrared-light 
image information can be obtained at high speed in one sub 
scan. 

The present embodiment uses the visible light source 101 
including a xenon ?uorescent lamp and the infrared light 
source 102 including an infrared LED array. The xenon ?uo 
rescent lamp has a good start-up response, thus allowing 
stable emission instantaneously. In addition, the xenon ?uo 
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rescent lamp has high luminous e?iciency. The infrared LED 
array also has a good start-up response. 
As described above, in the present embodiment, the opera 

tion of turning on the visible light source 101 and the infrared 
light source 102 is sWitched at every reading of the main scan 
by the control unit 1 1 0. Furthermore, by changing the relative 
positions of the imaging optical system 107 and the original 
103 in the sub-scanning direction, visible-light image infor 
mation and infrared-light image information of the original 
103 are obtained at high speed by the three-line CCD 108. 

Second Exemplary Embodiment 

FIG. 3 is a schematic diagram of exemplary portions of a 
tWo-to-one mirror scanning type image reading apparatus 
(?atbed scanner) according to a second embodiment of the 
present invention. A visible light source 301 includes a cold 
cathode ?uorescent lamp and emits visible light of Wave 
length of at least 480 nm to 630 nm. An infrared light source 
302 includes an infrared LED array and emits infrared light of 
Which the peak Wavelength is betWeen 800 nm and 950 nm. A 
transmission original (?lm) 303 is placed on an original 
holder glass 304. 
A plurality of mirrors 3 06 for bending an optical path bends 

the optical path of a light ?ux from the original 303 inside the 
body of the image reading apparatus. Among the plurality of 
mirrors 306, a mirror located closest to the original 303 is 
mounted on a ?rst mirror holder 309a, and tWo other mirrors 
are mounted on a second mirror holder 3 09b. A driving device 
305 moves the mirror holders 309a and 309b at their respec 
tive speeds in a ratio of 2:1 in the sub-scanning direction. 
An imaging optical system 307 includes one or more lens 

elements and forms image information of the original 303, 
placed on the original holder glass 304, irradiated by the 
visible light source 301 and the infrared light source 302 on a 
read unit 308. 

An off-axial re?ective optical system, such as that shoWn in 
FIG. 8, may be used for the imaging optical system 307 in the 
present embodiment. The exemplary off-axial re?ective opti 
cal system shoWn in FIG. 8 includes ?rst and second re?ective 
off-axial optical elements 411 and 4b made of plastic material 
located in order from the original 303. The ?rst and second 
re?ective off-axial optical elements 411 and 4b each have an 
outer shape such that the lengths in the respective orthogonal 
directions differ from each other and the thickness is smaller 
than the length in the direction of the shorter side of the outer 
shape. Respective mirror surfaces (off-axial re?ective sur 
faces) R2 and R4 of the ?rst and second off-axial optical 
elements 411 and 4b are located to substantially face each 
other. In particular, the ?rst and second off-axial optical ele 
ments 4a and 4b are rectangular and are formed such that the 
length in the direction of the thickness is smaller than the 
length in the direction of the short side. In FIG. 8, a stop SP is 
located betWeen the ?rst off-axial optical element 411 and the 
second off-axial optical element 4b. 
As described above, the off-axial re?ective optical system 

may include a small number of re?ective mirrors, thus not 
generating chromatic aberration. In addition, the Whole opti 
cal system can easily be manufactured. 

The read unit 308 has at least three different spectral sen 
sitivity characteristics and includes a plurality of one-dimen 
sional photoelectric conversion elements (three-line CCD) 
extending along the main scanning direction. A driving 
device 305 changes the relative optical positions of the imag 
ing optical system 307 and the original 303 in the sub-scan 
ning direction. 
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In the above description, “changing the relative optical 

positions” means changing the optical distance betWeen the 
original 303 and the imaging optical system 307 by moving 
the ?rst and second mirror holders 309a and 309b With the 
original 303 and the imaging optical system 307 ?xed. 

In the present embodiment, a control unit 310 performs 
control so as to obtain visible-light image information When 
the original 303 is irradiated With visible light and visible 
light image information and infrared-light image information 
When the original 303 is irradiated With both visible light and 
infrared light, from the three-line CCD 308. To obtain such 
image information, the control unit 310 sWitches the infrared 
light source 302 on and off at every reading in the main 
scanning direction With the visible light source 301 continu 
ously turned on, and changes the relative optical positions of 
the imaging optical system 307 and the original 303 in the 
sub-scanning direction once. 

FIG. 4 is a ?oWchart illustrating an exemplary operation of 
the image reading apparatus according to the second embodi 
ment of the present invention. After the reading of the original 
103 is started (step S21), the visible light source 301 is turned 
on (step S22), and the image reading apparatus is set to a 
standby state for a speci?ed time (step S23). This is to take 
measures against the sloW start-up response of a cold cathode 
?uorescent lamp as compared to that of a xenon ?uorescent 
lamp employed in the ?rst embodiment. 

Next, until the reading in the sub-scanning direction 
reaches the end reading position (step S24), visible-light 
image information is obtained (read) (step S25), the infrared 
light source 302 is turned on Without turning off the visible 
light source 301 (step S26), and visible-light image informa 
tion and infrared-light image information is obtained (step 
S27). Subsequently, after the infrared light source 302 is 
turned off (step S28) and one step of relative movement is 
made in the sub-scanning direction (step S29), the process 
returns to step S24. If the reading in the sub-scanning direc 
tion has reached the end reading position (step S24), the 
visible light source 301 is turned off (step S30). Thus, the 
control unit 310 performs control such that visible-light 
image information and visible-light image information and 
infrared-light image information can be obtained in one sub 
scan. 

The visible-light image information and infrared-light 
image information contains visible-light image information 
and infrared-light image information in a composite manner. 
HoWever, since visible-light image information is obtained 
separately, infrared-light image information can be obtained 
by subtracting the visible-light image information from the 
visible-light image information and infrared-light image 
information. This process is conducted by a simple calcula 
tion, so that it does not burden subsequent image processing 
(not shoWn) and does not greatly affect processing time or 
production cost. 
As described above, the present embodiment uses the vis 

ible light source 301 including a cold cathode ?uorescent 
lamp and the infrared light source 302 including an infrared 
LED array. The start-up response of the cold cathode ?uores 
cent lamp is sloW as compared to that of a xenon ?uorescent 
lamp. HoWever, the cold cathode ?uorescent lamp is advan 
tageous in that the luminous e?iciency is extremely high and 
that the cold cathode ?uorescent lamp can easily be manu 
factured (at loW cost). Therefore, the second embodiment, 
Which has taken measures against the start-up response, can 
improve the signal-to-noise ratio of an image using a large 
amount of visible light, reduce poWer consumption, and 
loWer manufacturing cost. 
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Third Exemplary Embodiment 

FIG. 5 is a schematic diagram of exemplary portions of an 
integrated-carriage-type image reading apparatus (a ?atbed 
scanner) according to a third embodiment of the present 
invention. In FIG. 5, the same reference numerals are 
assigned to elements that are similar to those shoWn in FIG. 1. 

The third embodiment differs from the ?rst embodiment in 
that an infrared light source 502 is con?gured by a halogen 
light source coupled With a visible-light cut ?lter made of 
silicon, and that the tuming-on and turning-off operations of 
the visible light resource 101 and the infrared light source 502 
are set different from those of the ?rst embodiment. Other 
con?gurations and optical operations are almost similar to 
those of the ?rst embodiment, so that similar effects can be 
achieved. 

The infrared light source 502 emits infrared light that has a 
peak Wavelength betWeen the Wavelengths of 800 nm to 950 
nm. A driving device 505 moves the carriage 109 (the imaging 
optical system 107) and the original 103 relative to each other 
in the sub-scanning direction. 

The imaging optical system 107 in the present embodiment 
can be con?gured by an image forming lens system that 
contains a diffractive optical element surface. A diffractive 
optical element surface has an extremely strong chromatic 
aberration correction effect. Thus, chromatic aberration can 
easily be corrected even outside a visible light range by incor 
porating a diffractive optical element surface into a conven 
tional refractive optical system. 

In the present embodiment, a control unit 410 performs 
control so as to obtain, at high speed, both infrared-light 
image information When the original 103 is irradiated With 
infrared light and visible-light image information and infra 
red-light image information When the original 103 is irradi 
ated With both visible light and infrared light, from the three 
line CCD 108. To obtain such image information, the control 
unit 410 sWitches the visible light source 101 on and off at 
every reading in the main scanning direction With the infrared 
light source 502 continuously turned on, and changes the 
relative optical positions of the carriage 109 (the imaging 
optical system 107) and the original 103 in the sub-scanning 
direction once. 

FIG. 6 is a ?owchart illustrating an exemplary operation of 
the image reading apparatus according to the third embodi 
ment of the present invention. After the reading of the original 
103 is started (step S31), the infrared light source 301 is 
turned on (step S32), and the image reading apparatus is set to 
a standby state for a speci?ed time (step S33). This is to take 
measures against the sloW start-up response of a halogen lamp 
as compared to that of a xenon ?uorescent lamp employed in 
the ?rst embodiment. Next, until the reading in the sub 
scanning direction reaches the end reading position (step 
S34), the visible light source 101 is turned on (step S35), and 
visible-light image information and infrared-light image 
information is obtained (step S36). Subsequently, the visible 
light source 101 is turned off (step 37), and infrared-light 
image information is obtained (step S38). After one step of 
relative movement is made in the sub-scanning direction (step 
S39), the process returns to step S34, and the visible light 
source 301 is turned on (step S35). If the reading in the 
sub-scanning direction has reached the end reading position 
(step 34), the infrared light source 502 is turned off (step S40). 
Thus, the control unit 410 performs control such that visible 
light image information and infrared-light image information 
and visible-light image information can be obtained in one 
sub-scan. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
The visible-light image information and infrared-light 

image information contains visible-light image information 
and infrared-light image information in a composite manner. 
HoWever, since infrared-light image information is obtained 
separately, visible-light image information can be obtained 
by subtracting the infrared-light image information from the 
visible-light image information and infrared-light image 
information. This process is conducted by a simple calcula 
tion, so that it does not burden subsequent image processing 
(not shoWn) and does not greatly affect processing time or 
product cost. 
As described above, the present embodiment uses the 

infrared light source 502 including a halogen lamp and a 
visible-light cut ?lter made of silicon. The start-up response 
of the halogen lamp is sloW as compared to that of an infrared 
LED. HoWever, the halogen lamp is advantageous in that the 
structure is simple and a large amount of light can easily be 
obtained. Therefore, the third embodiment, Which takes mea 
sures against the start-up response, can be applied to the case 
Where the signal-to-noise ratio of infrared-light image infor 
mation is to be improved as much as possible, such as the case 
of reading an image from an original surface on Which con 
spicuous foreign matters or ?aWs exist. 
The con?guration of an image reading apparatus according 

to the present invention is not limited to the embodiments 
described above. For example, the present invention is effec 
tive in the use of a re?ective original instead of a transmission 
original such as ?lm. The present invention can also be imple 
mented in the same Way as in the above-described embodi 
ments by using, as a line sensor instead of a three-line CCD, 
a six-line CCD With every tWo lines of the same color, a 
four-line CCD in Which an improvement in the color separa 
tion performance of four or more colors is made, or a CMOS 
(complementary metal-oxide semiconductor) sensor. 

FIG. 9 illustrates a table shoWing a comparison betWeen 
the features of an image reading apparatus according an 
embodiment of the present invention and of conventional 
image reading apparatuses. Each feature is marked “A” When 
it is superior, “C” When it is inferior, and “B” When it is on the 
same level. As apparent from FIG. 9, the embodiment is 
Well-balanced in optical performance and manufacturing cost 
as compared to any of the conventional apparatuses. 

While the present invention has been described With refer 
ence to exemplary embodiments, it is to be understood that 
the invention is not limited to the disclosed exemplary 
embodiments. The scope of the folloWing claims is to be 
accorded the broadest interpretation so as to encompass all 
modi?cations, equivalent structures, and functions. 

This application claims priority from Japanese Patent 
Application No. 2005-153932 ?led May 26, 2005, Which is 
hereby incorporated by reference herein in its entirety. 
What is claimed: 
1. An image reading apparatus comprising: 
a visible light source con?gured to emit visible light; 
an infrared light source con?gured to emit infrared light 

Which is separate from the visible light source; 
a single read unit comprising at least three one-dimen 

sional photoelectric conversion elements extending 
along a main scanning direction and having respective 
different spectral sensitivity characteristics; 

an imaging optical system con?gured to form an image of 
image information from an original irradiated by the 
visible and infrared light sources on the read unit; and 

a control unit con?gured to repeat performing a ?rst opera 
tion of obtaining visible-light image information of the 
original While turning on the visible light source With the 
infrared light source turned off and a second operation of 
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obtaining infrared-light image information of the origi 
nal While turning on the infrared light source With the 
visible light source turned off, at every reading in the 
main scanning direction and changing relative positions 
of the imaging optical system and the original by one 
step in a sub scanning direction, 

Wherein each of the at least three one-dimensional photo 
electric conversion elements has spectral sensitivity 
characteristics for the visible light and the infrared light; 

Wherein the ?rst operation and the second operation is 
performed in separate timings. 

2. The image reading apparatus according to claim 1, 
Wherein the imaging optical system includes an off-axial 
re?ection surface. 

3. The image reading apparatus according to claim 1, 
Wherein the imaging optical system includes a diffractive 
optical element and a refractive optical element, and the dif 
fractive optical element has a function to correct chromatic 
aberration that occurs in the refractive optical element. 

4. The image reading apparatus according to claim 1, 
Wherein the visible light source and the infrared light source 
are separate individual light sources from each other and not 
being from a single common light source. 

5. An image reading apparatus comprising: 
a visible light source con?gured to emit visible light; 
an infrared light source con?gured to emit infrared light 
Which is separate from the visible light source; 

a single read unit comprising at least three one-dimen 
sional photoelectric conversion elements extending 
along a main scanning direction and having respective 
different spectral sensitivity characteristics; 

an imaging optical system con?gured to form an image of 
image information of an original irradiated by the visible 
and infrared light sources on the read unit; 

a driving unit con?gured to change relative positions of the 
imaging optical system and the original in a sub-scan 
ning direction; and 

a control unit con?gured to repeat performing a ?rst opera 
tion of obtaining visible-light image information and 
infrared-light image information While turning off the 
infrared light source With the visible light source turned 
on, at every reading in the main scanning direction and 
changing relative positions of the imaging optical sys 
tem and the original by one step in a sub scanning direc 
tion, and a second operation of obtaining infrared-light 
image information based on the obtained visible-light 
image information and infrared-light image information 
and the obtained visible-light information, 

Wherein each of the last three one-dimensional photoelec 
tric conversion elements has spectral sensitivity charac 
teristics for the visible light and the infrared light; 

Wherein the ?rst operation and the second operation is 
performed in separate timings. 

6. The image reading apparatus according to claim 5, 
Wherein the imaging optical system includes an off-axial 
re?ection surface. 
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7. The image reading apparatus according to claim 5, 

Wherein the imaging optical system includes a diffractive 
optical element and a refractive optical element, and the dif 
fractive optical element has a function to correct chromatic 
aberration that occurs in the refractive optical element. 

8. The image reading apparatus according to claim 5, 
Wherein the visible light source and infrared light source are 
separate individual light sources from each other and not 
being from a single common light source. 

9. An image reading apparatus comprising: 
a visible light source con?gured to emit visible light; 
an infrared light source con?gured to emit infrared light 

Which is separate from the visible light source; 
a single read unit comprising at least three one-dimen 

sional photoelectric conversion elements extending 
along a main scanning direction and having respective 
different spectral sensitivity characteristics; 

an imaging optical system con?gured to form an image of 
image information of an original irradiated by the visible 
and infrared light sources on the read unit; 

a driving unit con?gured to change relative positions of the 
imaging optical system and the original in a sub-scan 
ning direction; and 

a control unit con?gured to repeat performing a ?rst opera 
tion of obtaining infrared-light image information from 
the original While turning off the visible light source 
With the infrared light source turned on and a second 
operation of obtaining visible-light information and 
infrared-light information While turning on the visible 
light source With the infrared light source turned on, at 
every reading in the main scanning direction and chang 
ing relative positions of the imaging optical system and 
the original by one step in a sub scanning direction, and 
to obtain visible-light image information based on the 
obtained visible-light image information and infrared 
light image information and the obtained infrared-light 
image information, 

Wherein each of the at least three dimensional photoelectric 
conversion elements has spectral sensitivity character 
istics for the visible light and the infrared light; 

Wherein the ?rst operation and the second operation is 
performed in separate timings. 

10. The image reading apparatus according to claim 9, 
Wherein the imaging optical system includes an off-axial 
re?ection surface. 

11. The image reading apparatus according to claim 9, 
Wherein the imaging optical system includes a diffractive 
optical element and a refractive optical element, and the dif 
fractive optical element has a function to correct chromatic 
aberration that occurs in the refractive optical element. 

12. The image reading apparatus according to claim 9, 
Wherein the visible light source and infrared light source are 
separate individual light sources from each other and not 
being from a single common light source. 

* * * * * 


